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The Xpert MTB/RIF assay is a rapid and fully automated real-time PCR assay. The performance of the Xpert MTB/RIF assay as a
primary screening test for urgent clinical specimens was evaluated during a 2-year period. The results showed that replacing
smear microscopy with the Xpert MTB/RIF assay facilitates laboratory handling and improves the sensitivity and specificity of
Mycobacterium tuberculosis detection.

Rapid and accurate diagnosis of tuberculosis (TB) is indispens-
able to adequately manage the disease and control its trans-

mission. Acid-fast bacilli (AFB) smear microscopy is an estab-
lished low-cost screening procedure to identify patients with
tuberculosis. However, the sensitivity of smear microscopy is low,
varying between 22 and 80% (1). In general, the routine applica-
tion of nucleic acid amplification techniques for detection of My-
cobacterium tuberculosis results in accurate diagnosis of tubercu-
losis (2, 3, 4, 5, 6) but requires laborious processing time and
dedicated biosafety conditions. The recently introduced Xpert
MTB/RIF assay (Cepheid, Sunnyvale, CA) is a fully automated,
walk-away real-time PCR-based assay with a time to result of ap-
proximately 2 h. To detect M. tuberculosis and mutations associ-
ated with resistance to rifampin (RIF), the 81-bp core region of the
rpoB gene is amplified and probed with five overlapping molecular
beacons (7). M. tuberculosis is identified when at least 2 probes give
a positive signal within a predefined number of cycles. A RIF mu-
tation is detected by lack of or delayed onset of fluorescence of at
least one molecular beacon. Disadvantages of the Xpert MTB/RIF
are its exceeding costs and a reduced sensitivity in comparison
with other PCR M. tuberculosis assays (8, 9).

The objective of the present study was to evaluate the feasibility
of the Xpert MTB/RIF assay to replace direct smear microscopy as
a primary screening test for urgent clinical specimens in a setting
of low TB prevalence.

The Institute of Medical Microbiology (University of Zurich)
is a tertiary care diagnostic center that receives clinical specimens
7 days/week for AFB microscopy to urgently confirm or rule out
TB in newly identified suspect cases. Such samples are marked as
urgent cases and are not to be confused with regular samples sub-
mitted to the mycobacteriology laboratory. All respiratory and
nonrespiratory specimens submitted for urgent smear micros-
copy between July 2010 and June 2012 were included in this study;
ethical approval was not needed. Specimens were adjusted to 5 ml
with sterile distilled water when the specimen volume was �5 ml.
The Xpert MTB/RIF assay was performed following the manufac-
turer’s instructions for respiratory specimens, using a 1-ml ali-
quot. Nonrespiratory specimens were tested similarly. The re-
maining 4 ml of all unprocessed specimen with the exception of
cerebrospinal fluid (CSF) was homogenized and decontaminated
using an equal volume of N-acetyl-L-cysteine (NALC)–2% NaOH
for 15 min (10). After neutralization with phosphate buffer (67

mM, pH 6.8) and centrifugation, the resuspended sediment was
used to prepare auramine-rhodamine-stained smears and to in-
oculate MGIT 960 liquid (Becton, Dickinson, Towson, MD) and
Middlebrook 7H11 culture media for growth detection. Positive
auramine-rhodamine microscopy results were confirmed by
Ziehl-Neelsen staining for specificity. AFB growth-positive cul-
tures were identified by 16S rRNA gene sequence analysis as de-
scribed previously (11, 12, 13). Further differentiation within the
M. tuberculosis complex (MTC) was achieved using the Genotype
MTBC line probe assay (LPA; Hain Lifescience GmbH, Nehren,
Germany). Phenotypic drug susceptibility testing (DST) of MTC
isolates was performed using the Bactec MGIT 960 system (Bec-
ton, Dickinson, Towson, MD) (14). A line probe assay (AID Ana-
lytika, Strasburg, Germany) was performed on the processed sed-
iment of a subset of Xpert MTB/RIF-positive specimens to
confirm molecular drug resistance results for rifampin (RIF) ac-
cording to the manufacturer’s instructions. Alternative nucleic
acid amplification testing for detection of M. tuberculosis with the
Cobas TaqMan MTB test (Roche Diagnostics, Rotkreuz, Switzer-
land) was carried out in parallel on specimen sediments.

In total, 71 respiratory and 8 nonrespiratory specimens were
tested with the Xpert MTB/RIF assay in a prospective fashion (Ta-
bles 1 and 2). The Xpert MTB/RIF assay was positive for M. tuber-
culosis in 17 (21.5%) specimens and negative for M. tuberculosis in
60 (76%) specimens. The test was invalid or did not provide a
result for M. tuberculosis detection in 2/79 (2.5%) specimens (1
sputum and 1 biopsy specimen). Both were smear negative and
culture negative (Table 2, specimens 24 and 25). The biopsy spec-
imen gave no Xpert MTB/RIF result due to a negative internal
control, suggesting that the specimen contained PCR inhibitors.

Fourteen of the 17 Xpert M. tuberculosis-positive specimens
were smear positive, and 3/17 were smear negative (Tables 1 and
2). Growth detection confirmed the presence of M. tuberculosis in
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all 14 smear-positive specimens and in 1 of 3 smear-negative spec-
imens. One of the culture- and smear-negative specimens (Table
2, specimen 8) was a sputum sample from a patient with miliary
tuberculosis following intravesical Mycobacterium bovis BCG in-

stillation therapy for urine bladder cancer. This sample scored
“MTB detected very low” by the Xpert MTB/RIF assay but scored
negative by the Cobas TaqMan MTB assay, presumably due to
specimen inhomogeneity. The second culture- and smear-nega-

TABLE 1 Xpert MTB/RIF versus AFB smear microscopy and culture results for 79 clinical specimensa

Xpert MTB/RIF
result

Microscopy and culture results

Smear-positive specimens (n � 19) Smear-negative specimens (n � 60) All specimens (n � 79)

No. of cultures
positive for
MTC

No. of cultures
positive for
NTM

No. of
negative
cultures

No. of cultures
positive for
MTC

No. of cultures
positive for
NTM

No. of
negative
cultures

No. of cultures
positive for
MTC

No. of cultures
positive for
NTM

No. of
negative
cultures

M. tuberculosis
detected

14 0 0 1 0 2c 15 0 2

M. tuberculosis
not detected

0 5 0 3b 2 50 3 7 50

Not interpretable 0 0 0 0 0 2 0 0 2

Total 14 5 0 4 2 54 18 7 54
a Among the 79 specimens were 71 respiratory specimens (57 sputa, 10 bronchial aspirates, and 4 bronchoalveolar lavage fluids) and 8 nonrespiratory specimens (3 biopsies, 1 CSF,
1 ascitic fluid, 1 pleural fluid, 1 pus, and 1 pharynx aspirate).
b All nonrespiratory specimens.
c Both were respiratory specimens.

TABLE 2 Comparison of the Xpert MTB/RIF assay with culture identification and phenotypic RIF susceptibility testing for specimens positive or
indeterminate for mycobacteria by culture or Xpert assay (n � 29)

Specimen type
and no(s).

Specimen
sourcea

Xpert assayb

AFB
smear
resultc

Culture
identificationd

Rifampin susceptibility
(culture based)e

Roche Cobas TaqMan
M. tuberculosis
identification

M. tuberculosis
detection

Rifampin
resistance

Respiratory
1 BAL Negative ND Negative M. avium ND Negative
2 Br asp Negative ND Negative M. chimaera ND Negative
3 Sputum Negative ND Positive M. kansasii ND Negative
4, 5, 6 Sputum Negative ND Positive M. vulneris ND Negative
7 Sputum Negative ND Positive M. avium ND ND
8 Sputum Positive (vl) Indeterminate Negative Negative ND Negative
9 Sputum Positive (vl) Indeterminate Positive M. tuberculosis Susceptible Positive
10 BAL Positive (vl) Positive Negative M. tuberculosis Susceptible Positive
11 Sputum Positive (vl) Positive Positive M. tuberculosis Susceptible Positive
12 Sputum Positive (l) Negative Negative Negative ND Positive
13 BAL Positive (l) Negative Positive M. tuberculosis Susceptible Positive
14, 15, 16 Sputum Positive (l) Negative Positive M. tuberculosis Susceptible Positive
17 Sputum Positive (l) Negative Positive M. tuberculosis Susceptible ND
18, 19 Sputum Positive (m) Negative Positive M. tuberculosis Susceptible Positive
20 Sputum Positive (m) Negative Positive M. africanum Susceptible Positive
21, 22, 23 Br asp Positive (m) Negative Positive M. tuberculosis Susceptible Positive
24 Sputum Invalid result ND Negative Negative ND Negative

Nonrespiratory
25 Biopsy No result ND Negative Negative ND Inhibited
26 CSF Negative ND Negative M. africanum Susceptible ND
27 Ascitic

fluid
Negative ND Negative M. africanum Susceptible Positive

28 Pleural
fluid

Negative ND Negative M. tuberculosis Susceptible Negative

29 Tissue Positive (m) Negative Positive M. tuberculosis Susceptible Positive
a BAL, bronchoalveolar lavage fluid; Br asp, bronchial aspirate; CSF, cerebrospinal fluid.
b vl, very low; 1, low; m, medium; ND, not done.
c AFB samples with a positive auramine-rhodamine microscopy result confirmed by positive Ziehl-Neelsen staining were scored smear positive.
d Identification of NTM isolates was by 16S rRNA sequence analysis, which when necessary was followed by rpoB or hsp65 sequence analysis; identification of M. tuberculosis isolates
by PCR was followed by the MTC line probe assay.
e Phenotypic drug susceptibility testing for rifampin using the critical concentration of 1 �g/ml.
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tive sputum sample (Table 2, specimen 12) originated from a pa-
tient undergoing antituberculosis treatment, which may have lim-
ited the detection of viable mycobacteria by growth detection.
This sample was confirmed M. tuberculosis positive by the Cobas
TaqMan MTB assay.

Within the 60 Xpert MTB/RIF-negative specimens, 7 speci-
mens (11.7%) yielded nontuberculous mycobacteria (NTM) by
culture (3 Mycobacterium vulneris, 2 Mycobacterium avium, 1 My-
cobacterium kansasii, and 1 Mycobacterium chimaera; all respira-
tory specimens). Five of these 7 specimens with NTM were smear
positive.

The Xpert MTB/RIF correctly identified M. tuberculosis in all
14 smear-positive and culture MTC-positive specimens and ruled
out tuberculosis in the 5 smear-positive specimens that grew
NTM. These results indicate that the Xpert MTB/RIF is a better
prescreening tool than smear microscopy, since it reliably identi-
fies the presence of M. tuberculosis in patients with a high bacterial
load and differentiates these from patients with NTM. This is es-
pecially relevant in our setting, since 26.3% (5/19) of smear-pos-
itive specimens in this study contained NTM and approximately
49% of all molecularly identified mycobacterial cultures in our
laboratory during 2011 and 2012 contained NTM.

Cultures were MTC positive in 3/60 Xpert MTB/RIF-negative
samples (Table 2; 1 cerebrospinal fluid specimen [number 26] and
1 ascitic fluid specimen [number 27], both with Mycobacterium
africanum, and 1 pleural fluid specimen [number 28] with M.
tuberculosis). All were smear negative. MGIT liquid culture was
positive for all three samples, whereas 7H11 solid culture was only
positive for the pleural fluid specimen. Previous studies showed a
sensitivity of the Xpert MTB/RIF assay that varied between 46 and
77% in smear-negative and culture-positive specimens (7, 8, 15,
16, 17, 18). In our low-prevalence setting, the number of smear-
negative and culture MTC-positive cases was low (1 respiratory
and 3 nonrespiratory specimens). The Xpert MTB/RIF system
correctly detected M. tuberculosis in one respiratory specimen, but
it missed all 3 nonrespiratory specimens (ascites, pleural fluid, and
CSF specimens). This indicates that nonrespiratory specimens
may not be suitable for Xpert MTB/RIF testing, in particular for
paucibacillary samples.

Conventional drug susceptibility testing (DST) did not reveal
any drug resistance among the 18 cultured MTC isolates, while the
Xpert MTB/RIF test indicated the presence of rpoB mutations as-
sociated with RIF resistance in 2 primary respiratory specimens.
Repeated conventional DST and molecular discrepancy analysis
by line probe assay and sequencing of the rpoB gene did not con-
firm RIF resistance in these specimens. Consequently, the Xpert
MTB/RIF result for RIF resistance was scored as a false positive in
these specimens (Table 2, specimens 10 and 11). The performance
of the Xpert MTB/RIF assay to detect RIF resistance was not eval-
uated in this study, due to the absence of RIF-resistant MTC iso-
lates. Nevertheless, as described earlier (19), we identified false RIF
resistance by using the Xpert MTB/RIF assay for two respiratory
specimens. These results have a significant impact on accurate
screening for RIF resistance in a setting of low TB and low multi-
drug-resistant TB prevalence, such as Switzerland. As a conse-
quence, we strongly recommend that in such settings Xpert MTB/
RIF assay results indicating RIF resistance always be confirmed by
an alternative molecular assay until conventional DST is available
(20).

In conclusion, despite its limitations, e.g., its limited suitability

for paucibacillary nonrespiratory samples, our results provide
strong evidence that for respiratory samples in a low-prevalence
setting, the Xpert MTB/RIF assay improves accurate primary
screening and is well suited to replace smear microscopy for ur-
gent specimens. The high costs of the Xpert MTB/RIF assay could
be compensated by its fast and walk-away methodology compared
to the laborious procedure of AFB microscopy, which involves
tedious reading of slides and well-experienced personnel for high-
quality results.

ACKNOWLEDGMENTS

This work was supported in part by the University of Zurich and the BAG
(Federal Office of Public Health, Switzerland).

We have no conflicts of interest to disclose.

REFERENCES
1. Steingart KR, Ramsay A, Pai M. 2007. Optimizing sputum smear mi-

croscopy for the diagnosis of pulmonary tuberculosis. Expert Rev. Anti
Infect. Ther. 5:327–331.

2. Böddinghaus B, Rogall T, Flohr T, Blöcker H, Böttger EC. 1990.
Detection and identification of mycobacteria by amplification of rRNA. J.
Clin. Microbiol. 28:1751–1759.

3. Kirschner P, Rosenau J, Springer B, Teschner K, Feldmann K, Böttger
EC. 1996. Diagnosis of mycobacterial infections by nucleic acid amplifi-
cation: 18-month prospective study. J. Clin. Microbiol. 34:304 –312.

4. Reischl U, Lehn N, Wolf H, Naumann L. 1998. Clinical evaluation of the
automated Cobas Amplicor MTB assay for testing respiratory and non-
respiratory specimens. J. Clin. Microbiol. 36:2853–2860.

5. Piersimoni C, Scarparo C. 2003. Relevance of commercial amplification
methods for direct detection of Mycobacterium tuberculosis complex in
clinical samples. J. Clin. Microbiol. 41:5355–5365.

6. Yang YC, Lu PL, Huang SC, Jenh YS, Jou R, Chang TC. 2011. Evalu-
ation of the Cobas TaqMan MTB test for direct detection of Mycobacte-
rium tuberculosis complex in respiratory specimens. J. Clin. Microbiol.
49:797– 801.

7. Boehme CC, Nabeta P, Hillemann D, Nicol MP, Shenai S, Krapp F,
Allen J, Tahirli R, Blakemore R, Rustomjee R, Milovic A, Jones M,
O’Brien SM, Persing DH, Ruesch-Gerdes S, Gotuzzo E, Rodrigues C,
Alland D, Perkins MD. 2010. Rapid molecular detection of tuberculosis
and rifampicin resistance. N. Engl. J. Med. 363:1005–1015.

8. Armand S, Vanhuls P, Delcroix G, Courcol R, Lemaître N. 2011.
Comparison of the Xpert MTB/RIF test with an IS6110-TaqMan real-time
PCR assay for direct detection of Mycobacterium tuberculosis in respiratory
and nonrespiratory specimens. J. Clin. Microbiol. 49:1772–1776.

9. Teo J, Jureen R, Chiang D, Chan D, Lin R. 2011. Comparison of two
nucleic acid amplification assays, the Xpert MTB/RIF assay and the am-
plified Mycobacterium tuberculosis Direct assay, for detection of Mycobac-
terium tuberculosis in respiratory and nonrespiratory specimens. J. Clin.
Microbiol. 49:3659 –3662.

10. Kent PT, Kubica GP. 1985. Public health mycobacteriology: a guide for
level III laboratory. Centers for Disease Control, Atlanta, GA.

11. Rogall T, Flohr T, Böttger EC. 1990. Differentiation of Mycobacterium
species by direct sequencing of amplified DNA. J. Gen. Microbiol. 136:
1915–1920.

12. Kirschner P, Springer B, Vogel U, Meier A, Wrede A, Kiekenbeck M,
Bange FC, Böttger EC. 1993. Genotypic identification of mycobacteria by
nucleic acid sequence determination: report of a 2-year experience in a
clinical laboratory. J. Clin. Microbiol. 31:2882–2889.

13. Springer B, Stockman L, Teschner K, Roberts GD, Böttger EC. 1996.
Two-laboratory collaborative study on identification of mycobacteria:
molecular versus phenotypic methods. J. Clin. Microbiol. 34:296 –303.

14. Springer B, Lucke K, Calligaris-Maibach R, Ritter C, Böttger EC. 2009.
Quantitative drug susceptibility testing of Mycobacterium tuberculosis by
use of MGIT 960 and EpiCenter instrumentation. J. Clin. Microbiol. 47:
1773–1780.

15. Helb D, Jones M, Story E, Boehme C, Wallace E, Ho K, Kop J, Owens
MR, Rodgers R, Banada P, Safi H, Blakemore R, Ngoc Lan NT,
Jones-López EC, Levi M, Burday M, Ayakaka I, Mugerwa RD, Mc-
Millan B, Winn-Deen E, Christel L, Dailey P, Perkins MD, Persing DH,
Alland D. 2010. Rapid detection of Mycobacterium tuberculosis and rifam-

Deggim et al.

2398 jcm.asm.org Journal of Clinical Microbiology

http://jcm.asm.org


pin resistance by use of on-demand, near-patient technology. J. Clin. Mi-
crobiol. 48:229 –237.

16. Boehme CC, Nicol MP, Nabeta P, Michael JS, Gotuzzo E, Tahirli R,
Gler M, Blakemore R, Worodria W, Gray C, Huang L, Caceres T,
Mehdiyev R, Raymond L, Whitelaw A, Sagadevan K, Alexander H,
Albert H, Cobelens F, Cox H, Alland D, Perkins MD. 2011. Feasibility,
diagnostic accuracy, and effectiveness of decentralised use of the Xpert
MTB/RIF test for diagnosis of tuberculosis and multidrug resistance: a
multicentre implementation study. Lancet 377:1495–1505.

17. Theron G, Peter J, van Zyl-Smit R, Mishra H, Streicher E, Murray S,
Dawson R, Whitelaw A, Hoelscher M, Sharma S, Pai M, Warren R,
Dheda K. 2011. Evaluation of the Xpert MTB/RIF assay for the diagnosis

of pulmonary tuberculosis in a high HIV prevalence setting. Am. J. Respir.
Crit. Care Med. 184:132–140.

18. Moure R, Muñoz L, Torres M, Santin M, Martín R, Alcaide F. 2011.
Rapid detection of Mycobacterium tuberculosis complex and rifampin re-
sistance in smear-negative clinical samples by use of an integrated real-
time PCR method. J. Clin. Microbiol. 49:1137–1139.

19. Zbinden A, Keller PM, Bloemberg GV. 2011. Comment on “Rapid
molecular detection of tuberculosis and rifampin resistance”. N. Engl. J.
Med. 364:183. (Reply, 364:184 –185.)

20. Somoskovi A, Parsons LM, Gutierrez C, Lee E, Salfinger M. 2012. Line
probe and automated real-time PCR TB assays warrant adherence to strict
quality assurance measures. Int. J. Tuberc. Lung Dis. 16:705–706.

Xpert MTB/RIF Assay in a Low-Prevalence Area

July 2013 Volume 51 Number 7 jcm.asm.org 2399

http://jcm.asm.org

	Integrating the Xpert MTB/RIF Assay into a Diagnostic Workflow for Rapid Detection of Mycobacterium tuberculosis in a Low-Prevalence Area
	ACKNOWLEDGMENTS
	REFERENCES


